Large-bowel carcinomas with different ploidy, related to secretory component, IgA, and CEA in epithelium and plasma. by Rognum, T. O. et al.
Br. J. Cancer (1982) 45, 921
LARGE-BOWEL CARCINOMAS WITH DIFFERENT PLOIDY, RELATED
TO SECRETORY COMPONENT, IgA, AND CEA IN EPITHELIUM AND
PLASMA
'. O. ROGNUM, E. THORUDt, K. ELGJO, P. BRANDTZAEG.
H. 0RJASAETER$ AND K. NYGAARD*
Fromn the Histochemical Laboratory. Institute of Pathology, and the *Surgical Departmiient B.
the National Hospital, Rikshospitalet, the tGeneral Department, the Norwegian Radium Hospital.
and the JDepartment of Immunology, National Institute of Public Health. Oslo, Norway
Rteceive(d 23 June 98 1 Accepte( 29 January 1 982
Summary.-Immunofluorescence staining for carcinoembryonic antigen (CEA),
secretory component (SC), and epithelial IgA was evaluated semiquantitatively in
85 large-bowel carcinomas in relation to degree of tumour differentiation, Dukes'
stage, and plasma CEA level. The tumours were divided into a near-diploid (ND, 28)
and an aneuploid group (AN, 57) by means of flow-cytometric DNA measurements.
Expression of SC and IgA in neoplastic epithelium was positively related to differen-
tiation in both groups. The AN tumours scored significantly higher for CEA than the
ND ones, but the staining was apparently unrelated to differentiation or Dukes'
stage. CEA expression in the transitional mucosa adjacent to ND tumours was
negatively correlated with tumour differentiation, whereas epithelial IgA and SC
in this zone showed a substantially higher positive correlation with tumour differ-
entiation, and a somewhat stronger negative correlation with Dukes' stage in the
ND than in the AN group. Plasma CEA levels were significantly related to Dukes'
stage, only in patients with AN tumours, and only in this group were positively
correlated with estimates of total tumour CEA for Dukes' stages A and B. For Dukes'
stages C and D (disseminated tumours), moreover, the plasma CEA levels were
found to be significantly higher in the AN group. These findings indicate that the DNA
profile of large-bowel carcinomas is related both to the way neoplastic cells influence
the activity of the transitional mucosa and their capacity for expression and release
of epithelial products. AN tumours thus seem to be more active as "secretors" of
CEA than ND ones.
THE BEHAVIOUR of large-bowel carcin-
omas has hitherto been predicted mainly
on the basis of clinico-pathological staging
and histopathological grading. In addition,
pre- and postoperative measurements of
carcinoembryonic antigen (CEA) inplasma
have shown prognostic value.
Another variable that may influence
tumour behaviour is the cell content of
nuclear DNA. Large-bowel carcinomas are
composed of cell populations that are
either near the diploid DNA level (2c) or
show a higher nuclear DNA content
(Enterline & Arvan, 1967; Bohm &
Sandritter, 1975; Petersen et al., 1978;
Atkin & Kay, 1979). A "mosaic composi-
tion" of stem-cell lines with different
nuclear DNA content has also been des-
cribed (Stich & Steel, 1962; Petersen et al.,
1979; 1981). Conclusive prognostic indica-
tions have not emerged from such studies,
however, though Atkin & Kay (1979)
suggested that large-bowel carcinomas
with near diploid or tetraploid levels may
show slightly worse prognosis than tum-
ours with other DNA profiles.
An additional recent line of research is
immunohistochemical investigation ofT. 0. ROGNUM ET AL.
epithelial marker antigens. These include
(i) functional characteristics ofthe normal
intestinal epithelium, which may dis-
appear partly or completely during malig-
nant development, and (ii) carcino-
embryonic antigens, which are present
in foetal lifeandmayreappearinneoplasia.
Secretory IgA and secretory component
(SC) belong to the first category. Thus,
the functional role of SC as an epithelial
receptor for dimeric IgA is well documen-
ted (Brandtzaeg, 1974, 1981; Brandtzaeg
& Baklien, 1977; Brown, 1978) and pre-
vious studies have indicated that SC and
epithelial IgA may be useful indicators of
the degree of differentiation of neoplastic
intestinal epithelium (Poger et al., 1976;
Weisz-Carrington et al., 1976; Green et al.,
1977; Rognum et al., 1980). The carcino-
embryonic antigen (CEA) of Gold &
Freedman (1965) represents the second
type of epithelial marker. It has been
demonstrated in the glycocalyx region of
gastrointestinal epithelial cells (Gold et al.,
1968; von Kleist & Burtin, 1969a, b;
Denk et al., 1972) but its relation to
malignancy is still a matter ofcontroversy
(Von Kleist & Burtin, 1969a, b; Denk et
al., 1972; Isaacson & Le Vann, 1976;
Pihl et al., 1980; Rognum et al., 1980,
1982a, b; O'Brian et al., 1981; Goslin et al.,
1981a).
Results of concurrent immunohisto-
chemical staining of epithelial IgA and
CEA have recently been reported for
gastric malignancies (Ejeckam et al.,
1979) and for large-bowel carcinomas
(Rognum et al., 1980, submitted). In the
latter investigations SC was also included,
and the three markers were concurrently
studied by paired immunofluorescence
staining. In spite of large individual
variations, it could be concluded that the
expression of SC and IgA in neoplastic
epithelial cells was positively correlated
with the degree of tumour differentiation.
In the present study we evaluated the
same three epithelial markers, and other
variables such as plasma CEA levels, in
relation to the DNA profile of large-
bowl carcinomas. Our aim was to identify
neoplastic cell populations with different
biological properties. A minor part of this
work has been presented in a preliminary
communication (Rognum et al., 1981).
MATERIALS AND METHODS
Tissue specimens.-85 gross tumour speci-
mens were obtained from 42 women and 41
men during surgery for adenocarcinoma of
the large bowel. The mean age ofthe patients
was 63-9 years (range 28-85). Further clinico-
pathological information appears in Tables
IandII.
Immediately after resection, the tissue
material was transported in ice-cold 001M
phosphate buffer (pH 7 6) containing 0-15M
NaCl (PBS) to the laboratory where the
macro-pathological examination was done,
and appropriate samples were excised for
TABLE I.-Clinicopathological information
about patients with near-diploid (ND)
tumour-cellpopulations
Patient
no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
'21
22
23
24
25
26
27
28
Age
(yrs)
60
73
80
64
65
76
47
81
80
72
55
58
54
43
53
65
72
70
82
73
74
74
78
67
62
41
57
46
Sex
M
M
F
F
F
F
M
F
F
F
M
F
M
M
F
F
F
F
F
F
M
F
F
F
F
F
F
M
Dukes'
stage*
A
A
A
A
A
A
B
B
B
B
B
B
B
B
B
B
B
B
C
C
C
C
C
C
C
D
D
D
Differen-
tiation
(Evans)t
3.5
4
3 5
4
4 5
5
3 5
2-5
3
3
3 5
3
2-5
2-5
3 5
3
5
5
2-5
2
3
2-5
4
3
2
2 5
Plasma
CEA
(Kg/l)
3 6
3 4
4 9
1-5
0-5
0-8
3 7
672- 0
310-0§
2-0
1-4
15-9
2-0
2.0
2-5
1 2
1 3
12-1
6-2
1-5
10-8
0-8
1 -8
0-8
2-7
13-3
2-5
1-8
* Dukes & Bussey, (1958).
t Ashley (1978) (1 poorly differentiated, 5 well-
differentiated.)
I The patient died postoperatively from sepsis.
§ The patient had a signet-ring-cell carcinoma
strongly CEA+.
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TABLE II.-Clinicopathological information about patients with distinct aneuploid (AN)
tumour-cell populations
Approx. ploidy of
Patient Age Dukes' Differentiation heteroploid Plasma CEA
no. (yrs) Sex stage (Evans) population (GLg/l)
1 73 F A 2-5 3c 1-2
2 65 M A 4-5 3c, 6c, 7c 1-8
3 58 M A 2 5c 1-8
4 76 M A 4 4c 3 0
5 40 Ml A 4 4c 2-1
6 64 M A 4-5 4c 3-7
7 74 M A 5 4c 0-8
8 28 F A 3 4c 1-4
9 58 F A 1-5 4c 5-5
10 52 M A 3 3c 0-8
11 63 M B 4-5 4c 2-8
12 60 F B 2 3c 3 - 2 B 2-5 3c 3
13 39 F B 1 3c 54-0
14 28 F B 4 3c 3 - 2
15 67 M B 3 3c 1.0
16 63 F B 2-5 4c 1-4
17 81 M B 4 3c 6 - 3
18 52 M B 3 3c 9-6
19 46 F B 4-5 4c 0-8
20 86 M B 4 4c 45-0
21 70 M B 3 4c 60 0
22 73 M B 3 4c 0 8
23 69 M B 3 4c 5 5 B 4 4c
24 66 M B 4 3c 7 -4
25 76 M B 3 -5 3c 5-1
26 69 M B 3-5 3c 9 0
27 83 M B 2-5 4c 0-8
23 69 M B 4 4c
24 66 M B 4 3c 7.4
25 76 M B 3-5 3c 5.1
26 69 M B 3-5 3c 9-0
27 83 M B 2-5 4c 0-8
28 78 F B 3 4c 4 - 6
29 63 F B 5 4c 2-5
30 6f M B 3 4c 3-1
31 81 F C 2-5 3c 10-3
32 56 M C 1.5 4c 0-8
33 67 F C 3 3c 4 - 6
34 55 F C 3-5 3c 13-7
35 77 F C 2 4c 3-9
36 40 M C 1-5 4c 2*1
37 68 F C 3 3c 1-8
38 70 F C 4 3c 11-4
39 35 M C 4 3c 3-1
40 76 F C 3 3c 4 9
41 69 F C 3 4c 159-0
42 68 M C 3 3c, 4c 4-1
43 45 F C 1 3c 0 8
44 56 F C 2 3c 2-5
45 69 M D 1 3c 750-0
46 78 M D 3 3c, 4c 161-0
47 77 M D 2 3e, 4c 635-0
77 M ~~~~D 2 3c
48 80 F D 3 4c 100.0
49 73 M D 2 4c 91-0
50 85 M D 4 3c 9.-5
51 55 F D 2-5 4c 5-8
52 44 M D 3 3c 0 8
53 68 M D 3 3c 7-5
54 40 F D 3 3c 11.592'. (). ROGNUM ET AL.
DNA measuremrenit aind immliunohisto-
chemistry.
Flow cytovtetry. In 60 cases. 4 sainples
from the tumour edge and 1 from the centre
were subjected to DNA quantitation by flow
cytometry (FCM). For the remaining 25
specimens less tlhami 5 samples from each
tumour were examined. Single-cell suspen-
sions were prepared immediately after sample
excision by mincing the tissue in PBS.
followed by filtration through a nylon mesh
(pore size 70 ,um). The cells were fixed in
ice-cold absolute ethanol and kept in 700o
ethanol until processed for FCM by exposure
to RNase (Boehring. Mannheim, FRG;
1 g/l in water, 1 h, 37°C) and pepsin (Orthana.
Copenhagen, Denmark; 4 g/l in 0(02N HCI.
15 min, 37°C) prior to staining according to
Gdhde & Dittrich (1971) with ethidium
bromide (Calbiochem, California, U.S.A.).
Emission measurements wNere performed in
an ICP 11 flow cvtometer (PHYWVE AG,
Gottingen, FRG).
The FCM histogramiis were analysed by
planimetry (Gohde, 1973). and the per-
centages of pulses over the diploid level were
calculated. Mouse spleen lymphocytes Awere
used as a diploid (2c) reference, and peaks
writhin 25% of this standard were assigned
to near-diploid (ND). One or more distinct
peaks occurring above that level were regard-
ed aneuploid (AN). Minor 4c peaks might
represent G2 cells of a diploid cell population.
G1 cells of a tetraploid population. or a
combination of both. Wlhen the area under
the 4c peak was greater than that between
the 2c and 4c levels, the 4c peak was taken
to represent an AN cell population. This
generally seemed justifiable, since. in pro-
liferating mnammalian cell populations, the
proportion of cells in G2 is generally low,er
than that in 5, (Steel, 1977). However,
additional interpretative problems were occa-
sionally caused by cell clumping, which was
assumed to be reflected in a 6c peak; when its
area exceeded 1000 of the 4c peak the latter
wias not accepted for assignment to distinct
AN. Such tumours were assigned to the ND
group, and added to its apparent hetero-
geneity.
To estimate the content of non-epithelial
cells in the suspensions, smears were stained
with May-Griinwald-Giemsa stain. The pro-
portions of granulocytes and small mono-
niuclear cells were counted by light micro-
scopy in 55 samples from 14 tumours.
lI m oeuntohistochen)tistry. The immuno-
Ihistochemical investigation was in every
tumour based on twto tissue samples. botlh
containing neoplastic epithelium and adjacent
transitional mucosa. As controls. 47 histo-
logically normal samples of large-bowel
inucosa ANTere included. After direct ethanol
fixation. the samples were processed for
paraffin embedding (Brandtzaeg. 1974).
Serial sections. cut at 6 umm from each
tissueblock, wzeresubjectedtopaired immuno-
fluorescence staining. Fluorescein isothio-
cyanate (FITC)-labelled sheep anti-SC wNas
combined with tetramethylrhodamine isothio-
cyanate (MRITC)-labelled rabbit anti-CEA;
and FITC-labelled rabbit anti-IgA was com-
bined w%!ith MRITC-labelled slheep anti-SC.
The preparation and characterization of
these sheep and rabbit IgG-fluorochrome
conjugates lhave been reported previously
(Rognum et al., 1980). A third adjacent
section was stained with a trichrome routine
rnethod combining haematoxylin, azofloxine
and saffron (Stave & Brandtzaeg. 1977).
The Leitz Orthoplan fluorescence microscope
was equipped with an Osram HBO 200 XV
lamp for excitation of rhodamine (red)
emission, and with an XBO 150 WV lamnp for
fluorescein (green). Narrow-band excitatioin
and selective filtration of the fluorescence
colours wvere obtained Nwithl a Ploem-type
epi-illiminator.
The fluorescence intensity of thie three
epithelial marker antigens (CEA, SC, and
IgA) was evaluated wAith the semiquantita-
tive scoring system detailed elsewhere
(Rognum et al., 1980). Briefly, a score of 3
indicated strong intensity and 0 negligible or
non-staining. For eaclh marker. every speci-
men wAas assigned an average score based on
the evaluation of two tissue samples. The
same investigator was responsible for this
evaluation throughout the investigation: a
blind study of reproducibility revealed no
systematic error (Rognum et al.. 1980).
Histopathological grading of tumour differ-
entiation. Sections stained for conventional
histopathology were randomized and graded
using the criteria of Evans (Ashley, 1978);
a score of 1 referring to poorly differentiated
carcinoma and 5 indicating high differentia-
tion. The same pathologist performed all this
grading, and a blind reproducibility control
revealed no systematic error (Rognum et al.,
1980).
(linico-pathological tumiour staging. The
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extent of bowel involvemnent and the pres-
ence or absence of lymph-node metastasis
wlere staged in accordance with the criteria
given by Dukes & Bussey (1958). In addition
to Dukes' stages A, B, and C, tumours with
distant organ metastasis were assigned to
stage D.
Estimation of total tumour CEA.-A volu-
metric estimate of all localized tumours
(Dukes' stage A and B) was based on the
most appropriate geometric formula and size
measurements of the gross specimen. This
estimate was multiplied bytheanti-logarithm
of the fluorescence CEA score of the tumour
to obtain a relative expression of its total
CEA content. It has beenshownthatimmuno-
fluorescence staining intensity is linearly
correlated with the logarithm of the antigen
concentration (Brandtzaeg, 1972).
Plasma CEA levels.- The concentration of
CEA in plasma was quantified by radio-
immunoassay with a slightly modified CEA-
Roche test (0rjasaeter et al., 1978).
Statistical methods.-Since our observations
wAere mainly expressed as scores, grades or
stages, only statistical methods that are
compatible with the application of the
ordinal scale were considered valid (Stevens.
1946). Non-parametric rank methods were
therefore used, and distributions were given
as medians and observed ranges. Correla-
tions were based on Kendall's test, and group
comparisons were madebythe Mann-Whitnev
U test (Siegel. 1956: Fenstad et al., 1977).
RESULTS
Flow-cytometric DNA quantitation
On the basis of the DNA profile, 28 of
the tumours were assigned to the near
diploid (ND) group (Fig. 1); the remaining
57 could be defined as distinctly aneu-
ploid (AN) but all of them contained in
addition ND cells (Fig. 2).
Conventional May-Griinwald-Giemsa
staining of smeared cell suspensions indi-
cated that the contamination with small
mononuclear cells and granulocytes was
< 5o in 50/55 samples and < 20% in the
remaining 5. Immunofluorescence staining
of dispersed cells showed expression of
marker proteins in concordance with
results from tissue sections of the same
tumour (Fig. 3).
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FIG. I.-DNA histogram from a tumour witl
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Fi(e. 2. -DNA histogram from a tumour con-
taining a (listinctly aneuploid cell popula-
tion. Level of mouse lymphocyte flinores-
(ence indicatedl hy arrow.
Intra-individual variations in DNA pattern
In 60 specimens (from which 5 tumour
samples were subjected to flow cytometry)
no discrepancies were seen between DNA
profiles, and hence assignment to ploidy
group. However, in the AN group, 4
cases showed more than one peak above
diploid (Table II). No statistically signifi-
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FIG. 3.-Dissociated cell from a moderately to well-differentiated AN tumour stained with MRITC-
labelled anti-CEA (a) and with FITC-labelled anti-SC (b). The red fluorescence for CEA is confined
to the apex of the cell, whereas the green fluorescence for SC is diffusely distributed throughout
the cytoplasm. x 920.
cant difference was revealed in percentage
of pulses above diploid (P > 0.5) when the
tumour edge (medians of 4 samples) was
compared with the tumour centre (one
sample) in 60 specimens.
General staining characteristics of the epi-
thelial markers
When the neoplastic epithelium con-
tained detectable cell markers, they were
generally distributed evenly throughout
the tumour. If only scattered positive epi-
thelial elements were seen in an otherwise
negative tumour, such areas were dis-
regarded in assigning fluorescence scores.
In the whole material, scores for SC and
IgA were positively correlated with degree
oftumour differentiation (r = 0 30, P < 0*01
for both) whereas CEA expression showed
no relationship to tumour differentiation.
Nevertheless, CEA scores for neoplastic
epithelium were significantly higher than
for normal mucosa (P < 0.01) regardless
of tumour ploidy (Fig. 6). SC and IgA
staining showed the opposite result (Fig.
6) and there was an inverse relationship
between tumour CEA and tumour SC
or IgA (r= -030, P<0 01).
SC+ tumours usually exhibited diffuse
intracellular staining, but apical intensi-
fication was noted in glandular elements.
Epithelial staining for IgA was generally
confined to the apices ofthe cells. Accumu-
lations within glandular lumina were
sometimes positive for both SC and IgA.
CEA staining was mainly confined to a
rim lining the apices of the tumour cells,
but the fluorescence was usually intensi-
fied by intercellular extensions, and often
by diffuse cytoplasmic staining (Fig. 4).
CEA+ material was commonly seen in
lumina of gland-forming elements. Intra-
tumour variations in CEA staining never
exceeded one score (Rognum et al., 1980)
and abrupt changes between bright and
negative areas were not seen.
The contents of goblet-like cells in well-
differentiated carcinomas were always
negative for SC, IgA, and CEA (Fig. 5).
However, in a case of signet-ring-cell
carcinoma the neoplastic cells contained
all 3 markers.
In the transitional mucosa adjacent to
the tumour all 3 epithelial markers where
distincly localized to the columnar cells,
and the mucin content of goblet cells was
unstained (Figs 4 & 5). Some hetero-
geneity with regard to staining intensity
wasnoted, asreportedpreviously (Rognum
etal., 1980); each final score was, therefore,
an average for two mucosal samples from
the same specimen. When hyperplastic
crypt elements were present, staining for
CEA was generally intense, whereas that
for SC and epithelial IgA was faint. In
the whole material, CEA scores were
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FIG. 4. Poorly differentiated large-bowel carcinoma. (a) Routine staining; frame indicates area
studied immunohistochemically. (b, c, d) Adjacent sections incubated with MRITC-labelled
anti-CEA (b) FITC-labelled anti-SC (c) and FITC-labelled anti-IgA (d). CEA abundant both in
the transitional mucosa (Tr) and in the tumour (Tu), whereas SC and IgA were present in normal
amounts in the transitional mucosa, but lacking in the tumour. Goblet cells appeared unstained.
(a) x 19, (b) (c) and (d) x 113.
X'w'- -_b
FIG. 5. Well-differentiated large-bowel carcinoma. (a) Routine staining; frame indicates area
studied immunohistochemically. (b, c, d) Adjacent sections incubated with MRITC-labelled anti-
CEA (b) FITC-labelled anti-SC (e) and FITC-labelled anti-IgA (d). CEA, SC, and epithelial IgA
were present both in the transitional mucosa (Tr) and in the tumour (Tu) but not in the mucin-
containing elements. (a) x 19, (b) (e) and (d) x 115.
significantly higher in the transitional higher (P< 0.02) in AN than in ND
mucosa than in normal epithelium (P< tumours (Fig. 6). Conversely, there was
0.02) whereas the reverse was true for only a trend for the AN tumours to show
both SC and IgA scores (P < 0.01) (Fig. 7). lower SC (P 0.14) and IgA (P- 006)
scores than the ND ones (Fig. 6). Immunohistochemical staininy results in In the transitional mucosa, staining for
relation to tumour DNA ploidy the 3 epithelial markers revealed no
Tumour CEA scores were significantly significant differences between the 2
927T. 0. ROGNUM ET AL.
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Fiw. 6.-Immunofluorescence scores for aneuploid (4)) or near diploid (0) adenocarcinomas com-
pared with scores for histologically normal epithelium ofcontrol samples (A). Medians are indicated
by horizontal lines. For both tumour groups considered together, CEA scores were significantly
higher than for controls (P < 0-01), whereas SC and IgA scores were lower (P < 0-001). Aneuploid
tumours had moreover, significantlyhigher CEA scores than near-diploid tumours (P < 0 02) whereas
the latter tended to have higher SC and IgA scores.
tumour ploidies (Fig. 7). However, in the
ND group, SC and IgA scores showed
positive correlation with the degree of
tumour differentiation (r= 0 59, and
Tr=0 52, respectively; P<0-01) and an
inverse relationship to Dukes' stage (-r=
- 0-44 and r = - 0-39, respectively; P <
0-01). Only weak similar trends were seen
in the AN group (Figs 8 & 9, Table III).
In the ND group, moreover, a negative
correlation appeared between CEA scores
in the transitional mucosa and the degree
of tumour differentiation (r= -0 43, P <
0.01) whereas the reverse seemed to be
true in relation to Dukes' stage (-r=0-32,
P < 0.02).
Degree of tumour differentiation, Dukes'
stage, and plasma CEA level in relation to
tumourploidy
The distribution of degrees of tumour
differentiation and Dukes' stages seemed
tQ be similar for the two ploidy groups.
For the whole material, Dukes' stage was
negatively correlated with tumour differ-
entiation (T=-0-38, P<0-01) and this
correlation was better in the ND (T =
- 0-5 , P < 0-001) than in the AN group
(T = -0.30,P<0.01).
No clear relationship between plasma
CEA level and tumour differentiation
was seen in the material.
However, the CEA level was positively
correlated with Dukes' stage and this
correlation was slightly better in the AN
group (r = 0 39, P < 0-01) than in the whole
material (T = 0-28, P < 0.01); by contrast,
no such relationship appeared in the ND
group (Fig. 10). In addition, the plasma
CEA level tended to be higher in the AN
than in the ND group (P
- 0.09), and this
trend was mainly accounted for by the
difference (P- 005) between tumours of
Dukes' stages C and D (Fig. 10).
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FIG. 7. Immunofluorescence scores for epithelium of transitional mucosa adjacent to aneuploid (0)
or near diploid (Q) adenocarcinomas compared with scores for histologically normal epithelium of
control samples (A). Medians are indicated by horizontal lines. For both tumour groups, CEA
scores were significantly higher in the transitional mucosa than in the controls (P < 0 02), whereas
SC- and IgA scores in this zone vere lower (P < 0-01). There were no significant differences between
the ploidy groups.
Plasma CEA level in relation to total
tumour CEA
In the AN group the plasma CEA
level showed a significant positive corre-
lation (r=0'33, P < 0.02) with the esti-
mated total CEA content of localized
tumours (Dukes' stage A and B) (Fig. 11).
This result was not found for either
localized tumours in the ND group, or
when the material was considered as a
whole for Dukes' stage A and B; even on
selecting tumours with CEA scores of at
least 1*75.
DISCUSSION
Characterization of large-bowel car-
cinomas in prognostic terms are cur-
rently based on clinicopathological staging
and histological grading of tumour differ-
entiation. Plasma CEA measurements may
afford additional prognostic information
and be of particular value in follow-up
studies after surgery (Mach et al., 1974;
62
Zamcheck et al., 1975; Meeker, 1978;
Lavin et al., 1981; Wanebo et al., 1981;
N.I.H., 1981). Furthermore,someattempts
have been made to characterize large-
bowel carcinomas by applying epithelial
cell-differentiation markersandbymeasur-
ing nuclear DNA. However, the biological
significance ofthese methods has not been
sufficiently established.
Previous studies of nuclear DNA in
tumours, using Feulgen absorption cyto-
photometry, have indicated that aneu-
ploidy and increased amounts of DNA are
related to the degree ofmalignancy (Bohm
& Sandritter, 1975; Atkin & Kay, 1979).
The development offlow cytometry (FCM)
and its application to cell suspensions
from solid tumours makes it possible to
measure DNA profiles without time-
consuming manual focusing on each cell
(for review, see Laerum & Farsund, 1981).
The DNA profiles obtained by Feulgen
microspectro-photometry in mammary
929
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carcinomas correlate well with those
obtained by flow cytometry (Auer &
Tribukait, 1980), allowing direct com-
parison between results from the 2
methods.
It seemed appropriate to divide our
large-bowel carcinomas into a group with
a near-diploid nuclear DNA content
(<2 5c) and another also containing one
or more distinctly aneuploid cell popula-
tions (> 2 5c). It is well known that solid
tumours may contain considerable num-
bers of macrophages (Evans, 1973) but a
recent study has shown that in most
colonic carcinomas few such cells occur
within the tumour, most of them being
at the periphery (Svennevig, 1980).
C-ranulocytes and small mononuclear cells,
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which presumably would initiate near-
diploid pulses in FCM, usually accounted
for < 50 ofour cell suspensions, and could
not therefore account for the near-diploid
peaks seen in the AN tumours. In an
FCAI study of 6 large-bowel carcinomas,
Petersen et al. (1979) similarly concluded
that contamination with normal cells
was much too low to explain the fre-
quency of cells with a near-normal DNA
content. Thus, AN cell populations appar-
ently contain a proportion of near-
diploid neoplastic cells. The mosaic
constitution of colonic carcinomas, as
indicated by the presence in most tumours
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TABLE III.-Relationships of epithelial SC and IgA to degree of tumour differentiation,
Dukes' stage, and plasma CEA level (examined by Kendall's r test)
Tranisitional
Tumoui mucosa
I'air of variables T P P
All tumours n = 85
SC vs differentiationi 0 30 <0-01 0-29 <0-01
SC vs Dukes' stage - 0-18 <0*02 - 0-27 <0-01
SC vs plasma CEA - 0 24 <0-01 - 0-09 n.s.
IgA vs differentiation 0-30 <0-01 0-31 <0-01
IgA vs Dukes' stage - 0*-8 <0*05 - 0 27 <0-01
IgA vs plasma CEA - 0 27 <0-01 - 0-09 n.s.
Aneuploid( n = 57
SC vs differentiation 0-33 <0-01 0-19 <0-05
SC vs Dukes' stage -0 16 n.s. -0*19 <0-05
SC vs plasma CEA -0 I 1 n.s. - 0- 04 n.s.
IgA vs differentiatiorl 0-'37 <0-01 0-27 <0-01
IgA ?s Dukes' stage - 0- 18 < 0-05 - 0-20 <0-05
IgA vs plasma CEA - 0-26 <0-01 0-02 n.s.
Near diploid n = 28
SC vs differentiation 0-30 < 0-05 0-59 <0-01
SC s Dukes' stage
-0 20 n.s. -0 -44 <0-01
SCvsplasmaCEA -0-19 n.s. -0-14 n.s.
IgA vs differentiation 0-3:3 < 0.01 0-52 <0-01
IgA vs Dukes' stage -0-09 n.s. -0 39 <0-01
IgAv Splasma CEA - 0-29 <0-05 - 0-31 <0-01
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ofinore than one cell clone with distinctive
DNA content, is in agreement with the
recent results of Petersen et al. (1981).
Clonal heterogeneity is further suibstan-
tiated by the highly variable proportions
of the different clones occurring within
individual tumours (Petersen et al., 1981;
Rognum et al., 1981).
We found no significant difference in
the percentage of pulses above 2 5c
between samples from the tumour edge
and the centre in 60 tumours; a result
agreeing with the observation of B6hm
& Sandritter (1975). Thus, environmental
conditions at the edge do not seem to
produce a systematic predominance of
normal-cell admixture (diploid cells).
In accordance with others (Wagener
et al., 1981) we generally found that CEA
was evenly distributed within individual
tumours. Conversely, large variations in
staining intensity were seen between tum-
ours; many AN ones containing more
CEA than the ND ones. In mammary
carcinomas Wittekind et al. (unpublished)
found no obvious correlation between CEA
staining and DNA profile, which, however,
was based on other criteria than those
tused in our study. According to our
experience, moreover, mammary carcino-
mas show relatively heterogeneous CEA
expression (unpublished observations);
direct comparison with large-bowel car-
cinomas may not. therefore, be justified.
Earlier reports have related CEA stain-
ing of large-bowel carcinomas, or the
concentration ofextractable tumour CEA,
to the degree of tumour differentiation
and other morphological variables, such
as growth pattern, tumoutr necrosis, and
vessel invasion. Denk et al. (1 972) con-
cluded that well-differentiated carcino-
mas contained larger amounts of CEA
than anaplastic ones, whereas most others
have been unable to confirm such a
relationship (Bordes et al., 1973; Pihl et al.,
1980; Rognum et al., 1980; Wagener et al.,
1 981). Conversely, a positive correlation
between the amount of both tumour SC
and epithelial IgA and the degree of
differentiation has emerged from several
previous reports (Poger et al., 1976;
Weisz-Carrington et ai., 1 976; Green et al.,
1977; Rognum et al., 1980) and we found
that the AN ttumours tended to express
less of both markers than ND ones. The
indication of an inverse relationship be-
tween tumour CEA and tumour SC or
IgA in our material, suggests that applica-
tion of different types of markers may be
complementary and hence of enhanced
value for evaluation of adenocarcinomas,
as recently discussed also by Ejeckam
etal. (1979).
As reported previously (Rognum et al.,
1980) staining for both SC and epithelial
IgA in the transitional mucosa was
positively correlated with the degree of
tumour differentiation, and inversely
related to Dukes' stage; these relation-
ships turned out to be particularly well
expressed in the ND group of tumours.
This also held true for the negative
relationship between CEA in this zone
and tumour differentiation. Thus, the
less well-differentiated NDtumours seemed
to affect adversely SC production and to
induce more CEA in the adjacent epithel-
ium than the well-differentiated ones;
similar trends were apparent in relation
to Dukes' stage. Alicroenvironmental influ-
ences of a tumour hence seem to depend
on both differentiation and ploidy in an
as yet unexplained manner.
AWe found only a weak positive corre-
lation between the preoperative plasma
CEA level and Dukes' stage in the
material as a whole, but this correlation
was substantially better in the AN group
of tumours. The plasma CEA levels were,
moreover, significantly higher in patients
with disseminated AN tumours. Thus, it
seems that differences in DNA profiles of
various tumour materials may at least
partly account for the present disagree-
ment over whether plasma CEA levels
are related to tumour load.
Our study does not definitely support
the view that poorly differentiated tumour
are associated with particularly high
plasma CEA levels (Zamcheck et al.,
1975: Pihl et al., 1980). Also the sug-
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gestion that such tumours tend to release
relatively little CEA (Goslin et al., 1981b;
N.I.H., 1981) needs further investigation
(Rognum et al., submitted). We favour the
hypothesis that large-bowel carcinomas
may be classified as "secretors" or "non-
secretors" of CEA (von Kleist et al.,
unpublished) and that this characteristic
is related to the DNA profile of the neo-
plastic cells (Wittekind etal.,unpublished).
A positive relationship thus appeared
between estimated total tumour CEA
and plasma CEA level only in patients
with localized AN tumours. This result
could not be ascribed merely to a higher
CEA content of the AN tumours, but
apparently reflected a proneness to release
CEA into the circulation. Moreover, as
mentioned above, a relationship between
Dukes' stage and plasma CEA level was
only found in patients with AN tumours.
In conclusion, the ability of tumour
cells to express SC, and thereby to retain
the capacity for uptake of dimeric IgA,
may be taken as a sign of differentiation.
Accordingly, carcinomas with this func-
tion largely intact are generally well-
differentiated. Conversely, increased
expression of CEA by neoplastic cells
cannot simply be considered as a sign of
tumour immaturity. Semiquantitative
tumour CEA estimation combined with
FCM determination of DNA ploidy may,
however, turn out to be a useful way of
selecting patients who should be followed-
upbyrepeatedplasmaCEAmeasurements.
Clinical follow-up of our patients will
show whether the above-discussed ways
of assessing biological characteristics of
large-bowel carcinomas are of prognostic
value.
The study was supported by the Norwegian
Cancer Society, Ole and Rolf Norberg's Legacy,
anid Anders Jahre's Foundation. The authors are
grateful to Gunnvor 0ijordsbakken, Aasa Schjolberg
and Gunn Jamne for skilled technical assistance, an(d
to Elisabeth Falleth for help with data processing.
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